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A IV, 58000 subunit of the opiate receptor has been identified using tritiated fentanyl isothiocyanate, a 
potent opiate alkylating reagent with specificity for the J-opiate receptor subclass. The subunit is alkylated 
in the presence of dextrorphan but not levorphanol. The specifically labelled protein was retained on 
columns of immobilized wheat germ agglutinin and is therefore presumably a glycoprotein. Partial 
purification of the M, 58000 opiate receptor subunit from neuroblastoma x glioma NGlOS-15 hybrid cell 
membranes is described. 
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1. INTRODUCTION 
Fentanyl isothiocyanate (FIT), structure 1, has 
been found to be a potent and specific reagent for 
the irreversible inactivation of &opiate receptors in 
membranes prepared from rat brain and NG108-15 
neuroblastoma x glioma hybrid cells [ 11. We re- 
port here experiments carried out with [‘HIFIT 
which lead to the identification and partial purifi- 
.N=C=S 
Structure 1. Structure of fentanyl isothiocyanate (FIT). 
Tritiated positions in [3H]FIT indicated by T. 
cation of a glycoprotein subunit, M, 58000, which 
is alkylated by this ligand in the presence of dex- 
trorphan but not levorphanol, and is therefore, 
presumably, a component of opiate receptors. 
2. MATERIALS AND METHODS 
[3H] FIT (27 Ci/mmol), tritiated in the positions 
shown in structure 1, was synthesized from the 
corresponding amine. [D-Ala’]enkephalin@-L-me- 
thioninamide) (DALAMID) and 3-[(3-cholamido- 
propyl ) dimethylammonio ] - 1 - propanesulfonate 
(CHAPS) were from Calbiochem. Naloxone-HCI 
was donated by Endo Labs. (New York). Dextror- 
phan and levorphanol were donated by Roche 
Labs. (Basel). Wheat germ agglutinin-Separose 
6 MB was from Pharmacia (Uppsala). 
2.1. Tissue preparation 
Neuroblastoma x glioma hybrid cells NG108-15 
were grown in 850 cm2 roller bottles [2] and homo- 
genates prepared as in [3]. Ten-fold purified plas- 
ma membranes were prepared by a modification of 
the method in [4]. 
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2.2. [3H]FIT labelling A B 
Membranes were suspended in 10 mM K-phos- 
phate (pH 8.0) at 0.5-l mg protein/ml and incu- 
bated with 10 nM [3H]FIT at 37°C for 30-120 min 
with or without competing opioid ligand. The sus- 
pensions were then chilled on ice and the mem- 
branes were washed and harvested by centrifuga- 
tion, and stored, frozen, as pellets. 
2.3. Gel electrophoresis 
SDS-polyacrylamide gel electrophoresis was 
performed using a modification of the method in 
[5]. Slab gels were prepared using a gradient of 5 
or 7.5-10% polyacrylamide. Samples were dis- 
solved by boiling in 5% SDS, 5 M urea, 6% dithio- 
threitol and 0.05 M Tris (pH 7.5) and applied to a 
spacing gel of 3% in polyacrylamide. After elec- 
trophoresis overnight at 50 V with bromophenol 
blue tracking dye, the gels were stained in 0.1% 
Coomassie blue, 7% acetic acid and 21% 2-pro- 
panol for 1 h at 37”C, then destained in 10% acetic 
acid, 10% 2-propanol. 
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2.4. Autoradiography 
The destained gels were photographed, rinsed 
for 15 min in deionized water, soaked in Autofluor 
(National Diagnostics) for 1 h, dried and placed in 
a Kodak X-Omatic Cassette (with intensifying 
screen) with XAR-2 Xomat AR film and exposed 
for l-4 weeks, at -70°C. 
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3. RESULTS 
Incubation of crude membrane preparations 
from NG108-15 hybrid cells with 10 nM [3H]FIT 
resulted in the covalent attachment of the tritiated 
ligand to several membrane components. This 
labelling was demonstrated in autoradiograms of 
gels containing proteins electrophoretically separ- 
ated in the presence of 0.1% SDS (fig. 1A). These 
membranes contain proteins labelled by [3H]FIT 
even in the presence of saturating concentrations 
of unlabelled opioid ligands (non-specific label- 
ling), and one protein of M, 58000 labelled, as a 
diffuse band, but only in the absence of competing 
ligand or in the presence of the pharmacologically 
inactive opiate enantiomer dextrorphan (specific 
labelling). The apparent splitting of this band in 
lane 3 of the figure is the result of quenching by an 
overlapping strong protein band visible in the 
Fig. 1. SDS gel electrophoresis of [ 3H] FIT-labelled pro- 
teins from NG108-15 neuroblastoma x glioma hybrid 
cells (510% gradient in polyacrylamide). (A) Crude 
membrane preparation: Coomassie blue-stained gel 
(lanes 1,2) and corresponding autoradiogram (lanes 3,4) 
after 4-week exposure. Membranes labelled in presence 
of 2 PM dextrorphan (lanes 1,3) or 2 pM levorphanol 
(lanes 2,4). Dark semilunar pressure artefact visible in 
upper portion of autoradiogram. (B) Ten-day autoradio- 
gram of wheat germ agglutinin purified CHAPS extract 
of NG108-15 membranes labelled by [3H]FIT in 
presence of 10 PM dextrorphan. 
Coomassie blue-stained lanes 1 and 2. 
The Mr 58000 protein was labelled in the 
presence of dextrorphan, but not in the presence of 
levorphanol, DALAMID, buprenorphine or nal- 
oxone. When CHAPS extracts of [ 3H] FIT-labelled 
membranes are applied to columns of immobilized 
wheat germ agglutinin, the specifically labelled 
protein species is retained and subsequently eluted 
with N-acetylglucosamine (table 1). The non- 
specifically labelled membrane components are not 
bound to these columns. After purification and 
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Table 1 
Purification of specifically labelled opiate-binding 
protein 
Step [3H]FIT bound (cpm x 10m3) 
Total Non-specific 
Crude membranes 465 415 
CHAPS solubilizate 208 174 
Wheat germ agglutinin 
agarose eluate 28.5 9.8 
Hydroxylapatite eluate 20.8 4.5 
Crude membranes of NG108-15 cells (7 mg protein) 
which had been treated with t3H]FIT as in section 2.2 in 
the presence of 10pM dextrorphan (total) or 10pM 
levorphanol (non-specific) were solubilized with 50 mM 
CHAPS in phosphate-buffered saline. After centrifuga- 
tion at 20000 rev./min for 30 min, the supernatant solu- 
tions were diluted to 10 mM CHAPS and applied to 
identical wheat germ agglutinin-Sepharose columns 
(2 ml packedvol.) pre-equilibrated with 10 mM CHAPS, 
0.15 M NaCl and 10 mM Tris-HCI (pH 7.5) (buffer A). 
The columns were washed with buffer A and then eluted 
with 4 successive 2 ml aliquots of buffer A containing 
0.5 M N-acetylglucosamine. The pooled eluates were 
applied to duplicate 0.5 x 0.7 cm columns of hydroxyl- 
apatite which were then washed with 2 ml buffer A and 
eluted with successive 250~1 aliquots of 0.25 M potas- 
sium phosphate (pH 7.5) in buffer A. The radioactively 
labelled protein (0.2 mg) was eluted in the first 3 
fractions 
concentration (table 1) the only radioactive protein 
species remaining is the specifically labelled Mr 
58000 band (fig. 1B). When the alkylation is per- 
formed with a purified cell surface membrane 
preparation from these cells, labelling by [3H]FIT 
was primarily confined to the Mr 58000 band and 
was also eliminated in the presence of competing 
opiates (fig. 2). 
The major non-specifically labelled band at M, 
35000 corresponds to a protein heavily stained by 
Coomassie blue in the gel. Other non-specifically 
labelled protein bands at M, 25 000, 17CKKl and 
12000 are also typically present. A portion of the 
total radioactive label in [3H] FIT-treated crude 
membranes migrates as a diffuse broad front 
ahead of the tracking dye, and is not associated 
with a distinct Coomassie blue-stained protein 
band. This labelling is non-specific, and is not 
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Fig. 2. SDS gel electrophoresis of highly purified plasma 
membrane preparation from NGlOS-15 hybrid cells 
labelled with [‘HIFIT (7.5-10% gradient in polyacryl- 
amide). Coomassie blue-stained gel (lanes 1,2) and cor- 
responding autoradiogram (lanes 3,4) after 4-week ex- 
posure. Membranes labelled in absence of competing 
opioid ligand (lanes 1,3) or in presence of saturating con- 
centration of DALAMID (lanes 2,4). 
reduced by extensive washing of the membranes. 
On gel filtration of membrane solubilizates in SDS, 
this radioactivity appeared as a low-M, peak just 
ahead of the included volume, and co-eluted with 
phospholipids solubilized under the same condi- 
tions (not shown). 
4. DISCUSSION 
These data suggest that the opiate binding sub- 
unit of 6 receptors is a glycoprotein of Mr 58000. 
That the material is a glycoprotein follows from its 
127 
Volume 150, number 1 FEBS LETTERS December 1982 
adsorption on and specific elution from wheat 
germ agglutinin. Opioid binding activity in deter- 
gent extracts of membranes from NG108-15 cells is 
known to bind to this lectin (unpublished) as does 
similar activity in brain extracts [6]. The diffuse 
appearance of the specifically labelled protein on 
gel electrophoresis i  also a characteristic of many 
glycoproteins [7-lo]. The MI 58000 protein is 
labelled by [3H]FIT but only in the absence of 
competing opiates and is thus likely to be a compo- 
nent of the recepor. Furthermore, when mem- 
branes enriched in opiate receptors are used in the 
experiments, labelling by [3H]FIT is almost ex- 
clusively confined to the M, 58000 material. 
When unpurified membranes are studied, several 
protein bands of smaller M, are found with co- 
valently attached [3H]FIT. None of these other pro- 
teins are specifically labelled because the amount 
of radioactivity associated with them is the same 
whether or not competing opiates were present 
during the alkylation. Non-specific labelling of 
phospholipid components of the membranes also 
appears to occur. Interestingly, non-specific label- 
ling of protein components of crude membranes is 
primarily associated with subunits of M, 35000, 
25000, 17000 and 12000. These proteins may be 
present in particularly large amounts, or contain 
strong binding sites for hydrophobic ligands, or 
both. Claims [l 1,121 that proteins of M, similar to 
these non-specifically labelled molecules are com- 
ponents of the opiate receptor should therefore be 
viewed with reservation. 
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